When Rhizopus arrhizus NRRL 1526 was mix-cultured with Proteus vulgaris AHU 1144, a strain having a high fumarase activity, in a medium containing glucose as a substrate, fumaric acid fermentation was successively converted to L-malic acid fermentation and large amounts of L-malic acid were accumulated as an end product .
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As an inoculum of P. vulgaris for this fermentation, cells in the stationary growth phase (48 to 72hr culture) were much more favorable than those in the exponential growth phase (18hr culture) and malic acid yields in the former case were as high as about 70 to 75% based on initial glucose after 3 to 4 days of the mixed culture. and L-malic acid yield was as low as about 21% even after 5 days. In the mixed culture, on the other hand, fumaric acid production was greatly depressed; the yields were as low as about 12% and only 2% after 3 and 4 days respectively. Contrary to such low yields of fumaric acid, malic acid was markedly in creased from the early stage of culture and acid yields as high as about 70% based on initial glucose were obtained after 4 and 5 days. Such a characteristic of the mixed culture suggested that P. vulgaris could convert fumaric acid successively to L-malic acid in the broth without direct inhibitory effects on the acid-producing ability of R. arrhizus. However, the final yield of malic acid by the mixed culture was about 10% less than those obtained when R. arrhizus was first single cultured to accumulate large amounts of fumaric acid for a few days, then P. vulgaris was associated.15) Furthermore, the rate of glucose consumption was remarkably de pressed when compared with that in the single culture of Rhizopus, because glucose still re mained in the mixed culture even after 3 days.
Next, the growth of both organisms in the mixed culture was surveyed. As indicated in Table II , the cell number of P. vulgaris main tained almost constant for 3 days and then decreased. R. arrhizus, on the other hand, multiplied rapidly for first 3 days. It was found, however, that the growth of R. arrhizus As shown in Table V , there were great differences in regard to the metabolic rate of glucose and the yield of malic acid depending upon the phase of growth of the culture used as inoculum. When P. vulgaris in the ex ponential growth phase was inoculated, glucose metabolism was fairly slow and considerable amounts of glucose still remained even after 4 days and the yields of malic acid as low as less than 50% were obtained. On the other hand, glucose was rapidly consumed and malic acid was produced in yields as high as about 70 to 75% after 3 to 4 days when P. to oxidize glucose and some organic acids was compared in order to know the difference in physiological properties between the cells in exponential growth phase and in stationary growth phase. As indicated in Fig. 2 , oxygen uptake by the cells in exponential growth phase with every substrate, especially fumaric, malic and pyruvic acids, was higher than that by the cells in stationary growth phase. From the results, it was considered that the acid-producing ability of R. arrhizus was considerably depressed in the mixed culture by the inoculum of P. vulgaris in exponential growth phase (18hr culture) which indicated high metabolic ac tivities. On the contrary, when P. vulgaris in stationary growth phase (72hr culture) re presenting lower metabolic activities was used as an inoculum, the acid production by R. arrhizus was not presumed to be influenced greatly by the bacterial cells and it therefore appeared that large amounts of malic acid as high as about 70 to 75% based on available glucose could be finally obtained. 
